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ana the aerodynamic

u–.

effects of the fa.orlcdef’lectfon. Two f’abric-~overed
elevatcu”s, dlfferln~, only in r~b spacing, and a solld
wooden elevatcl’ we~e tested. TY~eftrst elevator hfiaa
rib spacing of aporoxim~tely ]+inches. The second ele-
vatGr had a rlb snacin~ of a~~rcxlrnhtely 8 inches, wb.ich
is mere near?.y tynical of the spac!zIEc~lrrently used.
Te2ts were carried to a maximum I!achnunb~r af 5.6a
except frr model co~lfiqn)etlmls for which the maxl?mm
aliowebic loa:lswe~e rencked at lx;~r speeds.

No a~prec~ahle fabric daflect?.ors occurred for theL
elwetor with ~~-inch rib spat?.rJE.A maximum fabric bulge
of 0.6 inch between ribs was measured for the elevator
with ~-inch rib spac~n~ at.a Mech number of 0.55, an
elevator angle cf -5.7 , and an angle of attack of 9.7°.
LOC.S1 failures cf the fabric attachment to the elevator
ribs occurred. l?ynovinC the elevator vent holes fmm
the vicintty of the trailing ec~geto ths leading edge,
the bulge was eliminated fcr these test conditions et
the ex~ense, however, of some I.ncrsssein febrlc depres-
~ion on tb-epressuye side of the el~vator.

Marked Increases in the elevator hinge-moment coef-
ficients occurred as the test Mach number was increased.
For the elevator with ~-inch rib spacing the hinge-moment
paramter Cha (rate of change of hinge-moment .coef-
fi~ient ~~th elevator deflection) Increased from a value
at low speed of -0.005 to a value of -0.009 at a Mach
number of 0.68. The effect of fabric deflection for the
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elevatoi’with &-inch rib spacing caused an additional
adverse incror~ent in hinge-moment coefficient as the
speed i-lag increasecl, The effectiveness of the elevctor
with )+-inch rib spacii]~did not change approctably with -
i.lathnuniber. As a result of fabric def’lecti.m, hm:ever,
the efi’cctlvc?nessof the elevator with 8-inch rlb s~:acii~~
decreases shar~ly at Kack numbers above 0.56. The adverse
eil’ectof fabric tleflectlcn on elevator hin~timoment was
docrea~ed. sli~htly by locating th~ vent holas in Lila
lead.in~cd~s rather thwl~at ‘Ac ~i’f~Ll@, edtieof the
elcvato.r,

The t5sts wem conductfkl Et thd hn~lsy 16-foot high-
speefltumml, LanGley l:emri~.1Aoronn~tical Lebaratory.
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CO?SFFICI-ZWJTSMD SYM~LS
. .

drag ooefficient (D/qS)

hinge -mcment coef’ficlent (E/q~e2b]

llf’tcoefficient (L/qS)

(’4)
Mc ,

pitchtng-mcment coefficient
\qsc’

drag of entire model

hinge moment

lift of ent:re model

pjtchlng nowent abo’~bquarter-chord point of
mean aeqoi!ynad.c c“nord

spen,f6et

chord of harizoatal tail surface except when
deqi~natec? otherwtse by subscript, feet

mean aerndynamlc chord of h-orizontal*ail

root-neen-square cf elevator chord bek~nd
hin~e line

dynamic pre~sure
()

‘1 2
~ Pv

mass density of-air, s-lugsper cubic toot

velocity, feet per sacond

total model area,-sq.uaref’eet

Mach numbar

()

P - Po
pressure coefftilent “—

%

static.prr3ssure at any point

angle ef-rttack of”stabillze~ ~W

angle of elevator chord with respect %0
stabilizer chord, degrees

0

CL5
elevator-effectiveness” parameter —

cLa
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Parameters:

NACA ARR No. L5FOla

The subscripts outside the parentheses represent the
factors held constant during the measurement of the
parameters.

Subscripts:

b balance

e elevator

f flap (elevator + balance)

i internal

o free stream

Test model.- The model was a full-scale left-hand
horiz=.=a= surface of the SB2D-1 a!rplane. The alr-
foll se~tion used was based on the NACA 0020-64 airfoil
profile modified to have a maxlr.un tkichess ratio of
10.? percent and a straight taper behind the 6z-percent-
chord station. Since a somisnaa model was used, it was
necessary to locate the center line of the airplane in
ths plane of the tunnel wall to produce air-flow con-
ditions corresponding to those of flight. This result
was accomplished by adding a 20.5-inch stub wing to the
tail surface. Figure 1 shows the model installed in the
tunnel and figure 2 presents the physical characteristics
of the model.
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The stabilizer was metal covered and included a
fabric seal”t~ prevent air from flowing between the rear --
part of the stabilizer and the elevator leading edge.
(See fig. 3.) The model was not aerodynamically smooth.
Brazier head rivets, access and inspection doors, and
considerable waviness characterized the stabilizer surface.

Xaoh alevr~torhnd a modified elliptical nose and a
strai&ht taper behind the hinge line ending in a trailing-
edge angle of 1.2°. The coordinates for the elevator con-
tolm are presented In figure 3. E1e~ators 1 ~d 2 were
of metal construction and fabric covered. D3tails of the
rib Iccations are shown In fi;~lnw4.. The avara~e rib
saacings are aDproximatsly 4 and 8 inches for elevators 1

z
and 2, respectively. sotb.elevators had one ~-inch-

diemcter drain hole In e~cb elevator panel on”the lcwer
surface approx:rrstely 1 inch frcm the elevetor trailing
edge . Since euch elo%ato~ ~~il~lhad one hcle, t,hese
openirgs also ~Prv@d as a?r vents. Elev3tcr 3 was made
cl?3olid maho~any and was dimensionally cqu.altc ele-
vators 1 nrld2. Two rows of ~1’essl~reo~lfices on the
upper and lcwar sur?aces, 53 and 70 inches fvom the longi-
tudinal cent~r line of tk.cairplane, were built into this
e13’~.5to.-.

l?in~e-mon~~.tmecsurenent.- Figure 5 is a schematic—.— .
view oi’the model ir.stallationend illuqtrat3s the
aqparatus ussd tc mcasuro the olevatcr hir.gemoment.
This sketck S%WS the extended elemtor torque tuba
p~ssing %rouzh a hole in the side of’the tunnel end into
two self-alining bearings mounted on the tumsl balance
frame. The elevetor binge momer.t ‘.vas transferred through
tha elevator torque tube to a lC-inch cnank and then
throu~h a jackscrew to the scale platfonm. The jackscrew
was also used to va~~ the elsvator angle. The platfcrm
scale was sttnck.edrt&~.dly to *#het~urnelbElance fnar?e
and, sin~e all ct.herreiated parts were alsa attached to
the turns? l?al~.nceframe, binge-momer?t measurements could
net Ant3rfer3 vlth the msasur~ments @f lift, drag, and
pitching r.lox3nt. All force and mo:nefitdata were recorded
simultaneoussl~.

Fabi’ic-doflectlon meGsurements.- Stripes— —.—. — -- ~-inch wide

were paint~d chcmd.viseoillmth surfaces of theTfabric-
covered ~levators to permit tilerreasureinentof the fabric

■ m-l I ..9.-.— --- . .
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deflection. (See fig. 1.) Solid stripes.were painted
over each rib and broken stripes midway between the ribs,
on the u~per and lower eurfaces. These stripes are
straight and par~llel for the static condition (see fig.~)
but because of air loadL the fabric deflects and the
stripes bend. Cameras in fixed pusitlons were provided
to photo~aPl? the elevator surfaces simultaneously and
thus provide recorcis of’the fgbrlc deflection. l’he
deflection of the painted stripes was measured from
enlargflfiencsof tL.epkitogru~’k.s.

Fabric-tension msasuremcnts.= The fabric tension for..-..——
each ~evator pa~tis mea~ with an instrument
deslaned by the Flight Research Division of the Laboratory.
f~detailed description of ti~ instrument and tl.etechnique
of .neas~redent are Qven in r6ferenca 1. Tk.efhbric
tensions were .neusured Lefore and after tt.etests to
dcterwlne any chansy in rubric tension resulting from
repeated sti-essest~~atwere applied to the fabric during
testin&. Table I presents a su~:ary of tl.cmeasure!tients
and ~ndlcatt: tht the cr.an&e in fa~ric tmslon for ek-

vator 1 is within tr.e~ccurscy of tr.emeastirefients.
Elevator 2 had a slightly lower fsbric tension after
testln&, but the dli’ference may be a temperate or

humldlty effect.

Pressure meas~renents.- The prescure distribution—— -
over =;e.-”e~evator wtis fii.ned Witk elevator 3, wb~lch
contair.ed tv:oPOV’Sof orifices. The exte~nal pres~ures
over zhe c~per surface of the stabilizer were obtained
by the use of two prcsmre belts located at the 55-inch
and TO-inch stations, All stat~ons were measured in
inches fro,n the longitudinal center line of the airplane.

TWO 0.05d-inch-diameter tubes were installed in ele-
vators 1 and 2 at the 47-inch and 97-inch stat.ons to
measure the elevator internal pressLreD

TEST PRCCEDL.RZ

The ~eneral procedure in conduct~ng the te:.tsw~s
to set t:.ecesired angle of attack and elevhtor anele at
the t.)c~innin~of each test. D~t& ware then recorded at
esch of tnt.followlnq speeds: Wch number = J.20, ‘3.35,
0.45, O.jo, os~5, 0.60, 0.65, anti 0.66 or until the
maxhum allow~ble laad on the tkll surface was attained.

.—. .
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The stabilizer root angle remained fixed during the tedt.
The’elevator root angle was measured and recorded at.each
test point, since It–varied slightly because of twls.t

J the torque tube and deflection of the scale platfoznu.
The angles of attack and elevator angles are believed
be accurate within *0.lo.

of

to

REDUCTION OF DATA

Force data.- The llft, drag, and pl.tchlng-moment
coeff~cleiltspresented in this report are.based on the
wing area of the comglete model (see fig. 2) Including
the stub wing. All data were taken with the elevator
seal in, the elevator vents at the trailing edge, and
the trim tab neutral, unless specified otherwise.

.

The force data were corrected for tunnel-wall
effects by the use of the reflection-plane theory given
in reference 2. The model” thickness was such a small
part of the tunnel diameter that tunnel blockage correc-
tions were negli&ible. Since the elevator torque tube
could twist and the scale platform deflectj the elevator
angle”-changed with hir.gemoment. Calibrations of the .
twist ot’the-elevator torque tube and the deflection o“f
the scale platform with elevator hinge moment were used
to ccmreot the indicated elevator angles to actual angle;.
Tkmcorrectsd data were cross-plotted and tks values at
seiected an&les of attack and elevator angle were then I
plotted Qggii-lsbMach number. Since a large part of the
data presant~d is plotted against Mach rmmbsr, figure 7
has been i~cluded to show t“heaverage dynar.~cprassures
and the aversge F?eynolds numbers corresponding to the
test Mach numbers. The Reynolds number Is based on the”
assumed mean aerodynamic chord.of 4.41 feet. It snould ~
be rnertionea that the changes which occur with speed are
noh puro M&cki numfisr effects but Incll;de effects due to
dlstort~c.m c~ the model under Ioad. The ef~”ects shown
ther~fora a~ply only to the particular combination of “
dynamic pre~.nure and Mach number tgsted herein. The
results, however, are plotted again-atMach number, and
the dynamic p“ressure at any.Mach number may be~obtai.ned
from figure 7.

Fbbric ?ef’iection.- A spec~al film viewgr was used
to enlarge t~ie~?~aphid negativea of’the elevator
surfaces. Vertical scales were attached to the elevator
surfaces at each broken stripe and photographed for all



model,cqnf’i.~rations to obtain films of the stat$o condition
(zero ti~f:le-otion].. A quantltat~ve .neasurd of the fabric
def-lectippwas obtained by comparing a photograph for the
static Gondition (zero deflection) with one made during
G $p2L8 The displacement of any stripe was thgn measured
and recorded.

REST?LTSML DISCLSSICN

Fabric Deflection

Elevator l.- Figure 8 1s a @lotogra2h of the fabric
deflectian o=.e up;]er surface of elevator-l (J-inch rzb
spacing) at a = 0°, 6 = 4.2°, and N = 0.66. T1.ef~bri”c
deflection ~s nut a~reciable at any point slong the ele--
vator except far a sinallbul&e occurring near the inboard
hing~. No ctner photographs are shown for this elevator
because the fabric deflection was nat ser-lousduring any .
of th~.t~~t~ w~tki ti.Ls elevator. . .

E16u~tor 2.; Fi@re 9 is a photogra~h of .tLe f~bric
defle~-f.ionof hpth sbrfacec of~levatc)r 2.(6-inch rib
spacing) at a = 0°, 5 = 3.3°, &nd M = 0.550 Consld_
erable -bulge occurred on the top surface behind the hinge
llnb. ~hls bulfie cilan&ad to depression on the rear part .
of the elevat~r. Since the fabric WaS sewed to the ele-
vator ribs, the solld”str~pes should show no deflection.
A number of’solid stripes, however, are deilected. (See
fig.-~(a).) Deflection of tlfisolid str~pes indicates
failure of the fabric attach.~ent at.these points and is
the beginning of a conditiop tk,atwould result in comPlete
failure of the curface if tl.eair loads were increased.
Fi3ure 10 iS a photo~aph ol.tj.efubric dellectlop at
a = 3°, 6 = -097°, an,d ~ =o:6z* In general, the
upper surface iS 81i@tly bul.~ed just bei.lnd tLe hinge
llne. The ~ost ser~ous bulge occurs at tie inboard hm~e
and 1s believed to w a result of weak fabric attachment
around t:.eh~n~e-pocket cut~aut rather than of local-
suction peak pr~ssureso Fibure 10 also sLQws tl.ef’atric
pulleda~Ey froin tiieribs. (Note solid stripes. )

Flgur~s 11, 12, and 13 are plots slowing the vari- .
ation of tkJe fabric deflection witr~percent of elevator
chord and Include only the portion of the elevator chord
for which.the fabric was deflected; therefore only the
end points of zero deflection are shown. l’hesedata are



NAM ARl?No. L5mOla 9. .

for a.repre,?e.ntetivesparwlse station (77.1-inch station).
F!l&urs ll”presents” the””fa%tiic’deflectf~n for various Mach
numbers et elevator angles averaging. -1.5° and a-= OO.
Although the elevator angle changed sli~tly (0.5°) with”
speed, it is apparent ~rom figure 11 that increasing the
speed Increases the fabric deflection. The maximum
fabric .cleflection-ofthe lower surfece h6s been-plotted
separately for each speed in figure 14.and shows that the
fabric deflection varies linearly with dynamic pressure
for elevator 2 at a~=”O” and 5 - -1.5°. Figure 12
presents the fabric deflection for various elevetor angles
“mat a = Oo and M = 0“55” Increasing the elevGtor”~gle
nag~tively increases the fabric bulge on the lower surface
wiltl’e the deflection of the upper surface c-nwges from
bulpe to depression. Figure 13 ;rosents the f’abr:c
deflection for va-lous angles of attack et M = 0.55
and 1+= o*53@ ~“n~~.~f-~lm ~abric deflection attained
daring tk.esetests WES a C.6-inch ?mlge on the lower sur-
face of ele~atcr 2 s.t a = 7.90, H =
(fig. 13).

-5.7°, and M = 0.55 ‘

PrePsure dist~ibution.- Febrlc bulge tends to be’
um?ma~ cause~n Zncrease in the lccal negative
pressures , ‘ivhickin turn cause an Wcrsa:e in the fabric
b~lge. This adverse effect is magnified et high speeds
and ha= been observed to result in fsi~n”e of the fabric
attachments to the elsv~tcr structure and finally cGmplete
failure cf tne fabric. M invesitg&tion to determine the
external pressure distribution over thq elevators and the
location ot’ah. vents that would result in ne~stlve inter-
nal pressures and a reduction In elevator fabric bulge
was thenefore undertaken. ~levstor 3, which WES di~.en-
tiondly eql~al to elevators 1 and 2.,was tested for this
purpose.

The tests of elevator 3 indicated that the pressure
distritn~tions et the 33-inch and.~0-inch stations were
very nesrly the same on the.elevator but differed appre- “
ciably neLr”the stabilizer leading edge. This difference
may be”attributed to surface irre~lsrities. Removing
the elevator seal fncfieased slightly the positive pres-
sures on the lower surfa”ce,ofthe elevator balance area
for positive elevator angles but had.little effect on”
the press~res over the other portions of the elevator.
Tho external pressure distributions at M = 0.20 and
the 33-inch station for kkree elevator angles are pre-
sented in figures 15, 16, and 17 for a = 0°, 3°,and
60, respectively. These figures indicate that vents in

II ..—— . ,.,. . —.-. —
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both the upper and lower surfaces at the elevator leading
edge or at approximately 30 percent of’the elevator “chord
behind the hinge line ce will res’ult in negative average
internal pressures. Although the average pressures at-
these points are not the most negative, they are consist-
ently negative and are least affected by changes in ele-
vator angle.

Effect of verious vent locations for elevator 2.1
The original eleva~r vents were sealed, and he em ect
on I.nte;nal pressure and fabric deflection of the elevator
as a result of locattng a vent in each elevator panel at”
the leading edge or at 10 percent of’ ce on the upper ‘
and lower surfaces was determined. The variatton of the
internal pressure of the elevator with elevator angle is
presented in figure 1~ for three vent configurations. A
comparis~n of these curves shows that the average internal
pressure coefficient P~ for the original vent configu-

ration is ckanged from -0.02 to -0.08 t’orvents at 10 per-
cent of Ce and to -0.23 for vents at the elevator leading
edge.

..

Figure 19 presants quantitative eoyparisons of-the
fabric deflection along the elevator chord for the three
vent lccations at a = (P, 8 =40, and M = 0.55. The
maxlmm bulge on the upper surface is reduced from
C.~ inch for the original vent configuration to 0.2 Inch
by using vents at 10 percent of ce qnd to 0.26-inch
depression with vents ab the elevator leading edge. ~~o
measurements were made for the lower surface with vents
at 10 percent of ce but visual observation indicated

that the fabric was depressed for this condition, as
would be expected. -

Figure 20 Is a photograph of the fabric deflection
with vents at the elevator leading edge for a = 0°,
6 = Lo, and M = Q-55= Comparison of figures 20 and 9
shows that the upper-surface bulge Is changed to depres-
sion with vents at”the elevhtcw leading edge, except for
a small local bulge at the upper surface near the inboard
hinge. It is apparent from figures. 19 and 20 that loca-
tion of tho vents at the elevator leading edge will .
eliminate the danger of the fabric pulling loose from
the ribs and.failing for elevator angles up to at least 4°.
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Basic data.- The lift, @ag, .~itchhg-moment, ind
hinge-moment coeffim~lents“are plotted against Mach number
in figures 21 and 22 for elevators 1 and 2, respectively.
These data me presented for a = 0°, 30, 6°; and 90, and
a msxhum range oE- 5 = 6° to -Yo : The fact that the.”CLi “

cm, and C% ..values for a = OO and 8 = 0° are not

zero is due”elther to asymmetry of the model or to .&hall
errors In setting the neutral angle of the stabilizer,
elevator, or trim-tab. .

..-.. . .

The increase in the ltft or pitohing-moment coeffi-
cient with Mach number far both elevators is less than the

increase predicted by Glauert~s factor (~ --~2)-@a ...
This difference Is be].ieved to be a result of the twisting
of the stabilizer &nmdelevator toward their zero angles
due to ths &erodyn&nic loads. The drag-coefficient . “
curves show the usual large increases in the vicinity of
the crit#cal Mach nmbera. The data shdw pronounced
increases in elevator hinge-moment coefficient with
increasi~ Mach number. Integration of the elevator “
pressure-dletributim diagrams showed increases of approxi-
mately the same r-agnltude. The rate of increase of hinge
moment with h!ach number wtismore than twice as great as
would be nredicted b~ the use of the Glauert factor. In
general, tl.echanges in the aerodynamic coefficients with
Mach number were gradual and consistent. The. critical
Mach numbers for the various model configurations could .
not be greatly exceeded in these tests and consequently.
the abrupt and drastfc. cha~es that have been noted in
tests of”small models at high supercritlcal speeds were
not encountered.. The only indication of such changes
occurred for elevator 2 near the highest test speeds.
(See figs.”23.and ~.)

Variation of lift with a and 5.- The variation
of the lif’t-“curve-slope parameter CL= with Maoh nmber

for elevators 1 and 2 is presented In figure 23. The .
slopes were measured from plots of CL against sin.
the region ok a.= 0° to 3°. The values at low speed m
of CLa are cpnslderably lower than”the value estimated

from two-dimensional data for a winG of this section and
plan form, principally because of the discontinuity of
the airfoil contour at the stabilizer trailing edge and
the elevator leading edge.
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The change la CLa with Mach number for elevators 1‘.
and 2 1s shown in figure 24 and indicates good agreement
bqtween the twc elevators at low speeds. For elevator 1, .

%6 increases gradue.lly with speed. At the maxim~ Mach
number attainable (0.69), the data.Indicate that CL

was beglnn~ng to decrease. . FThe vsu?:atlon @f CLb w.th

Mach number for elevator 2 indicates a marked edverse
efi’ectof fab~ic def~ectlon at Xach numbers above 0.60.

.“

Elevator effectiveness.- The variation of the elevator-

effectiver.q?s perameter with Uach n~mber Is shown In
fi@.u?e25 for “elevators 1 and 2. Th6 tunes shcw a small
decrease in effectiveness as the soeed is Increased from
M = 0.20. to ?4= 3=L5~ ~eyon~ Mack rxmbers.of 0.45 the .
effectiveness for bcth-elevators increases. The effec-
tiveness of el~vator 1 is still increasing a? M = 0.68
but fells off shar~ly beynid values cf M =0.56 for
elevator 2. Since elevatcr 1 had nogliglble fabric
dsflecticn and elevetor 2 had serious fa3ric deflection,
the adv?:-se effect flkown is a result cf’fabric deflection.
The t.he~reti~al effectiveness fcr a plain flap .hlngea at ‘
its leading ed&e has been computed. according tc the thln-
airfcll theory (see r6fePenca 3) Aildis sk.owmIn figure 25.
The’&ctuP.lelevator effectiveness is approximately 71 per-
cent of the theoretical VC1U3 for a plain flap at moderate
s?ecds. .. ..

p~~chlng ?noma~t.- The variation of tke ?itchlng- .

moment parameter ~Cm/~CL with T@ch number is shown in .
fiGure 26 for elevators 1 and 2. ~he.value of this .
parameter i5 a~moxiyately the position of t%” aerodynami~
center of the afrfoil.with res~e$t to the quarter-cherd
point of the asmuneii mean aenodyr~tic chord. (ftg. 2).. .’
The change in the crmter-c,f-lii’tposltlon caused b~.elk-’
vator deflection is .@van by the oarmetcr (~Cm/~CL)a.
The wari~tio~ of thi.~g~re.met+rwltb. Mach number WRS
about the same for bcth clevat~s; th~t !s, the cefiter
of lift was s’hiftedr.earwcrd. .Tha changs in the center- .
of-lift pcsftion calmed by anCIe of sttack is given by
the parzmeter .(~Cm~CL)50 Increasing the Mach number
caused a grsater increase fn this prrameter fcr ele-
vator 2 than fcr elevator 1, probably as a result of’the
fabric defle~tion on elevator 2.

..
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?@@”rnome3.@. Tha.~h@&e in “Cha with
is.sh~l~we “27 for elevators 1 and 2..

13

Mach number
In-general, “

the,~~reetint”~f tlie’-’dat”~cm””tfieietwo “elev-ato”rsIs good,.—.
althou.@m~q almost a~+tant small”difference exists– -
between the values .fo~.tinetwo;elevators. . Small differ-
ences ih contour between the two elevators could taupe
this @ifferenoe. The small”lpw~sppgd value of Cha (-o~ool)

decreased about 70~~rcent betwaen “M = 0“.20 and M = 0.60... . .
.::

‘ ~.e Va;hti&l.of- ~h6” with Mach nu~bcr is shown in

figure~28. Large increases in”the no~fitive values of
gll~ occurred with increasing speyd for elev~tors 1 and 2.
The value of Ch5- for”elevatcm 1 (~-~~.Chrib spacing)
increased from -0.d05 to -0.029 between M =“0.20 and
M = 0.48. The difference betwaen tha low-speed v“alues
of c~~ for the two elevstors 1s bslieved .te be caused
by minor phy~ical d~fferensec S-xh as a sm?.1 burrothat
existed on the uv?er surface of elcvatcr 2. “ This bump
was 5.5 percent of the elevator thic’kn.css,was located
at 6.5 percent of ths total elevatcr chord from the nose,
and tapered to zero at the clcvgtcr lca<ir.3 cdga and at
the hinRc llne. Figu7e 28 also shows c~mv,?sfor elevators
having zero and lC)O-pzrcent a~rodynamic balance. The
cln?vefor zero s~rodynamic balanc~ was c&lcul&ted .
accordin~ to thin-airfoil tberry (refcrer.cg~) for a
plain flap hinged at its leading edpe. .Elevator 1 had
5~-~erc@nt aerodynmrtic balance at 1~= C.20 but, because
of the adverse path “n-umbereffects, the balance was “
reduced to 8 percent at M = 0.68. “The ccntrol forces
required’for such an elevGtor v:ouldthus approach those
that would be obtained w:.than ordinary Unbalcncsd flap,
when it is assumed that the VUIUS of Ch for such a
flap .daesnot cb.angewith ?tachnu~.ber. In the absence
of .boundary-lcyer changes, it miglht logically be assumed
that the-elevator hinge moment would inorease with spetid
according to Glauertts factor. T~ie low-~pe~d value has

been increased according to this fsc~or (1 - M%-1’2
and tha data “are plo{:te.dig T~.->:x’e2L.. A comparison bf the
two curves shows that the rata cf increase in Chb with

Mach number Is about double the rate of increase pre-
dicted by Glauertls fcctor. Elevator 2 had L3-percent
aerodynamic balance at. M = 0.20 but zero aerodynamic
balance at M = 0.60. The increase in Chb is markedly
greater for elevator 2 than for elevator 1 beccuse
of the adversa effect of fabric de:lectlon. TF.e

I
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difference in ~k!eincreases of Ch6 with Mach number

for the t~o elevators appears to b= an effect of fabric
deflection, since fabric deflection was the principal
difference between the two elevators. This difference
.~splottgd at the top of figure 28. The effect of fabric
deflection on Chh was to cause an Increase of -0.C02

,.
from M =0.20 t: M= 0.60. This increase was about
40 percent of the low-speed value of ChR for the ele-

vator tested. An increase of this magni~ude would be
still r.oro serious for a highly balanced -tail surface
for wkich the initial Cha might be of the o~der of -0.Wl.

Effect of vents on hinge moment.- As was shown in.
figure 19, linefabric deflection varies with vent location.
The Wst ’vent l@catim from a consideration of safe fabric
deflect~on was found to be at the elevator leading
edge. Fieure 25 shows the variation of the ,hinge-moment
coefficient with elt?veto~ angle, at M = C.55, for the
tkree vent locations tested and with all vents sealed.
The data mesent~d in this.fig~me show that the vents

c located at the elevator l@adin& edge produced the smllest
value of Cha . The beneficial effect of vents at the

leading ed&e (reduced internal pressure) is probably a
reslllto? changing the as~etrical- elevator-surface
deflectims, which resulted in appreciable elevator camber,
to more symmetrical def’le.ctionswith less cam.=r. (See
fig. 19 and reference !+.)

T?ffect of elevator seal.- A llmited amount of data
with the elevator seal removed was obtained over a small
range of el~vntor angle at a = OO. These data indicated
no appreciable effect of the seal on the elevator hinge
moment.

..

Tab effectiveness.- The-effectiveness of the elevator
trim tab throush the speed range is shown in figure 30.
The data for a tab angle of -10° show a gradual decrease
in effectiveness with increasing speed - the ACh
decreasing from O.O)A at M = 0.20 to O.G~O at M = 0.65.
The effectiveness remains approximately constant from
M“= 0.20 to M = 0.60 for a tab angle of 8.9°.

CONCT,USIONS

An investigation of the characteristics of a full-
scale horizontal ta~l with fabric-covered elevators at
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?TACAAll No. L5F018 “

Mach numbers ranging from o.20”to”o.63 haq led to the
following. conclusions:

““1. Elevator 1 (L~inch rib sp%cing).had no appreciable
fabric’deflect~on %n the speed range of these teet~.
Elevator 2

&
8-inch rib spacing) had a maximum fabric

bulge of O. Inch between ribs at a Mach number of ().553
an elevator- angle of -3.7°, aqd an an~le of attack of 9.7°.
Local failures of the fabric attacbnent to the elevator
ribs occurrad with elevator 2. .

3~ Elevators 1 and Z proau~ed ver~ larp.e increases
In elevator ~;trlge-:mment coel’ticlent as tl.e_dachnuffit~r
was Increased. TJ.evalue of c~a (the slope of the

5“ The adverse effect of fabric deflection on ele-
vator hin~e mo.mnt waa dccrc~sec?. sll&htly by locating
the vent holes in the leadlng edge rather than at the
trailing edge of the 61eV~tOr.

Lan@e~ Memorial Aeronautical La~30ratory
Hational Advisory Committee for Aeronautics

Langley Field, Va.

#
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TAELE I

ELEVATOR FABRIC TENSIONS

[Accuracy of measurement, *O.2 lb/in*I ‘- -

——.—- —

Test
condition

Tension
(lb/in. )

Upper surface Lower surface

3efore tGstlng 7~4 6.3

Lfter testing ~.6 6.7

8.6

8.8

6.8

7.6

3efore testing

kfter testing

Elevator 2

7.2 5.2

7.0 600

.—

7~5

6.7

6.8

6.0
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Figure l.- General view of SB2D-1 semispan horizontal tail
installed in Langley 16-foot high-speed tunnel..
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Arcaaf tab,......,.,., . . . . . . . . . ..129 .5sq in.
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Figure 2 TGeneral arrangement of the horizontal tail surface.
(All dimensions shown ore meoswed in the plane ot the sectkm ond ore in inches.)
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Figure 3
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~ ._= Straight taParbehinri0.63c
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II’ .6A

Fig. 4

ELEVATOR I

1

ELEVATOR 2
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FIGURE 4. —RIB SPACING FOR THE TWO

FABRIC- COVERED ELEVATORS.
.
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FIGURE 5.- SCHEMATIC VIEW OF THE TEST SiTUP.
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NACA ARR No. L5FOla Fig. 6a, b

(a) Upper surface.

(b) Lower surface.

Figure 6,- Static condition for elevator 2.
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Figure 8.- Fabric deflection of upper surface of elevator 1
(4-inch rib spacing). M = 0.66; a = OO; 8 = 4.2°; elevator
vents at trailing edge,

m



NACA ARR No. L5FOla Fig. 9a,b

(a) Upper surface.

(b) Lower surface.

Figure 9.- Fabric deflection of elevator 2 (8-inch rib spacing).

M = 0.55; a = OO; S = 3.3°: elevator seal removed: elevator
vents at trailing edge.



NACA ARR No. L5FOla Fig. 10a, b

(a) Upper surfacee

(b) Lower surface.

Figure 10.- Fabric deflection of elevator 2. M = 0.62
a= 30: 8 = -0.7°: elevator vents at trailing edg

.
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4

.2

0

-.2

4

.2

0

-.2

.2 – – – – – – – – – – – – – – ; J== “+ I -’ -- -L .- _. -. -+ _
M. ~,35 _ _ ‘

I- - +--- - —--- - 4 -- .&+-- - Q-“ . L .
_.

------
cf=-1.7” _ _

0 - *~ --J- e
I

1—

.2

0

0 8 16 24 32 40
Distance from elevotor leadin~ edge~6

00 88 96 100
percc%l of %ord NATIUAL ADVISORY

Figure II .—
COHW-TES Fa AISMAVTKS ,

The variation of the fabric deflection olong the chord of elevator 2 at the 771-inch station for
various Mach numbers, a = OO; vents on lower surface I inch from trailing edge. ( Positive def Iections denote
fabric bulge and negative deflections denote fabric depression. )
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Figure II .— Concluded.
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c1 Upper-surface fabric deflections
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Figure 12 .— The voriation of the fabric deflection along the chord af elevator 2 at 77 l-inch station for various
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Figure 15 .— Pressure distribution of elevator 3 for three elevator
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Figure 16.—Pressure distrilxdion of elevator 3 for three elevator

positions. a- 3°; gap sealed; 33-inch station; M= 0.20.
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NACA ARR No. L5FOIa Fig. 20a, b

(a) Upper surface.

(b) Lower surface.

Figure 20. - Fabric deflection of elevator 2. M = 0.55;
a= 00; s = 40; elevator vents at leading edge.
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Figure 26 .— Comparison of the pitching-moment parameters for
elevators I and 2.
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sent experiments derive such equations for usual straight annular exhaust-pipe shroud
systeJ:lS for both parallel flow and counter now. Equations and methods presented are
believed tc be applicable under certain conditions to the design of .shrouda for tail pipes,
of jet engines. .
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